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SEISMIC R I S K  STUDIES IN THE UNITED STATES 

1 S. T .  Algermissen 

Svnops i s  
1 

A new Seismic Risk Map o f  the Un i ted  S ta tes  i s  presented, 
together w i t h  s t r a i n  re lease and maximum Mod i f i ed  M e r c a l l i  
i n t e n s i t y  maps o f  t he  country.  Frequency o f  occurrence o f  \ 

damaging earthquakes was no t  considered i n  ass ign ing  r a t i n g s  t o  
the var ious  zones on the  r i s k  map, bu t  s tud ies  o f  earthquake 
frequency a r e  inc luded as  an a i d  i n  us ing  t h e  r i s k  map. The 
Seismic R isk  Map i s  suggested as a r e v i s i o n  o f  the Seismic 
P r o b a b i l i t y  Map prepared by the  Coast and Geodetic Survey i n  
1947'and withdrawn i n  1952. 

I n t r o d u c t i o n  
1 

The zoning o f  t h e  Un i ted  Sta tes  f o r  se ismic r i s k  has no t  
received the  a t t e n t  i o n  in  the  earthquake engineer ing 1 i t e r a t u r e  

- 
that the  sub jec t  has enjoye'd i n  o ther  parts o f  the  world, no tab ly  
i n  coun t r i es  such a s  Japan, the U.S.S.R. and New Zealand. Risk 
s tud ies  i n  the  Un i ted  Sta tes  have been l i m i t e d  by the r e l a t i v e l y  
shor t  h i s t o r i c a l  record o f  s e i s m i c i t y  a v a i l a b l e  f o r  t he  count ry  
as  compared w i t h  such count r ies  as  Japan, the  d i f f i c u l t y  i n  
c o r r e l a t i n g  known s e i s m i c i t y  w i t h  geo log i ca l  evidence o f  t e c t o n i c  
a c t i v i t y  i n  many areas and the  general s c a r c i t y  o f  p e r t i n e n t  
geodet ic data that might bear on the  problem. I 

J 
Mate r ia l s  Used 

The h i s t o r i c a l  record o f  earthquakes i n  the  conterminous 
Uni ted Sta tes  cons is t s  o f  data on a p p r o x i m t e l y  28,000 shocks. 
Within the  past two years the Coast and Geodetic Survey has 
catalogued a l l  o f  t he  pe r t i nen t  s e i s m i c i t y  in fo rmat ion  'on 
punched cards and magnetic tape. A l l  earthquakes have been 
assigned a reference number and o r i g i n  t imes and hypocenters 
have been recorded i f  a v a i l a b l e  from inst rumenta l  data. Hypocenters 

1 
Chief ,  Geophysics Research Group, Coast and Geodetic Survey, ESSA, 
U. S. DepartTent o f  Commerce, Rockv i l l e ,  Maryland, U. S. A. 
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a r e  est imated f rom accounts o f  t he  shock and isoseismal data 
if no inst rumenta l  data a r e  ava i l ab le .  
i n t e n s i t i e s  a r e  a l s o  keypunched i n t o  each card. 
informat ion,  a v a i l a b i l i t y  o f  s t rong mot ion records,  and other  
r e l a t e d  data a r e  a l s o  catalogued. A more complete d e s c r i p t i o n  
o f  the  format o f  the  data s to red  on punched cards and m g n e t i c  
tape has been g iven by Algermissen (1). I t  i s  poss ib le  t o  
prepare q u i t e  a number o f  d i f f e r e n t  s t a t i s t i c a l  presentat ions 
and maps o f  t h e  var ious  parameters o f  s e i s m i c i t y  us ing  t h e  
bas ic  data r e t a i n e d  on magnetic tape and punched cards. 
types o f  maps were prepared which, i t  i s  be l ieved,  a r e  p a r t i c u -  
l a r l y  use fu l  i n  e s t i m t i n g  seismic r i s k .  These two maps show 
the  d i s t r i b u t i o n  o f  mximum Modi f ied M e r c a l l i  (M.M.) i n t e n s i t i e s  
and s t r a i n  re lease i n  the  Uni ted States.  

Magnitudes and repor ted  
Sources o f  t he  

Two 

I 

J 

Maximum Modi f ied  M e r c a l l i  l n t e n s i t v  

The mximum M.M. i n t e n s i t i e s  repor ted  throughout the  Uni ted 
Sta tes  f rom t h e  f i r s t  recorded earthquake i n  1534 through 1965 
a r e  shown i n  F igu re  1. I s o s e i s m l  m p s  were prepared f o r  s i g -  
n i f i c a n t .  earthquakes no t  p rev ious ly  mapped by us ing  whatever 
data were ava i l ab le .  
i n t e n s i t i e s  have been repor ted  throughout a l a r g e  p o r t i o n  o f  t he  
country,  even though t h e  frequency o f  occurrence o f  high in ten-  
s i t i e s  i n  many areas m y  be q u i t e  low. 

F igure  1 shows c l e a r l y  that high M.M. 

S t r a i n  Release 

The cumulat ive s t r a i n  re lease r e s u l t i n g  f rom earthquakes 
Using the i n  t h e  t ime span 1.900-1965 i s  p l o t t e d  i n  F igu re  2. 

concept developed by B e n i o f f  (21, the s t r a i n  re lease o f  an 
earthquake i s  taken t o  be p ropor t i ona l  t o  the  square r o o t  o f  
i t s  energy release. The energy, E, was r e l a t e d  t o  earthquake 
magnitude, M, using t h e  formula l o g  E = 11.8 + 1.5 M (3). 
magnitudes o f  earthquakes below s i x  a r e  known o n l y  f o r  shocks 
occu r r i ng  du r ing  approx imate ly  the  past f i v e  years. Earthquakes 
whose magnitudes a r e  s i x  and above a r e  known f rom about 1900. 
When m g n i t u d e  values were no t  ava i l ab le ,  they were es’timated 
from mximum M.M. i n t e n s i t y  us ing  the  r e l a t i o n  M =  1 + 2 /31 ,  
where 1 i s  M.M. i n t e n s i t y  (4). The above e m p i r i c a l  r e l a t i o n s h i p  
between m g n i t u d e  and i n t e n s i t y  i s  o n l y  an a p p r o x i m t i o n  and 
poss ib l y  sub jec t  t o  considerable e r ro r .  The e r r o r ,  however, i s  
no t  l a r g e  i n  t h i s  c a l c u l a t i o n  o f  s t r a i n  re lease s ince  i t  was 
necessary t o  use t h i s  conversion from mximum i n t e n s i t y  t o  m g n i t u d e  
on ly  f o r  s m l l  shocks f o r  which the  s t r a i n  re lease i s  small. 
e n t i r e  Un i ted  S ta tes  was d i v ided  i n t o  squares of 10,000 square 
k i l omete rs  and t h e  s t r a i n  re lease assoc ia ted  w i t h  earthquakes w i t h i n  
each square was summed. 

The 

The 

The s t r a i n  was represented as  the  equ iva len t  
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number o f  magnitude four earthquakes i n  each block. 
equivalent number o f  mgn i tude  four earthquakes i s  then obtained 
by d i v i d i n g  the sum o f  the s t r a i n  release associated w i t h  ear th-  
quakes i n  a pa r t i cu la r  block by the s t r a i n  release associated 
w i th  a mgni tude four earthquake. 

The 

The s t r a i n  release m p  i s  usefu l  i n  that i t  shows the 
current r e l a t i v e  ra te  o f  t ec ton i c  a c t i v i t y  i n  various pa r t s  
o f  the Uni ted States. Areas o f  the country w i t h  a continuing, 
but a low l e v e l  o f  seismic a c t i v i t y  a re  revealed. These areas 
do not normally show up on a maximum i n t e n s i t y  map. -The exact 
shape and pat tern o f  the areas shown i n  Figure 2 a re  not s i g n i f i -  
cant since the s i ze  o f  the block over which the s t r a i n  energy i s  
summed i s  somewhat a r b i t r a r y .  
release throughout the Uni ted States i s ,  however, i n t e r e s t i n g  and 
i n f o r m t i v e ,  as i t  i s  an index o f  current t ec ton i c  a c t i v i t y .  
Inspection o f  Figure 2 shows that the United States may be d iv ided 
roughly i n t o  four areas that have d i f f e r e n t  ra tes o f  s t r a i n  release 
dur ing the,66 year per iod considered. 

A comparison o f  the r e l a t i v e  s t r a i n  

The four areas are: 

P a c i f i c  West 
Rocky Mounta ins - 106O - 114o.W. longi tude 

Eastern U. S .  

- west o f  1140 W. longi tude ' 

t i Central  P la ins  - 9 2 O  - 106' W. longi tude 
- east o f  9 2 O ' W .  longi tude 

D i v i d i n g  the t o t a l  equivalent number o f  magnitude fou ear th-  
quakes i n  each area by the t o t a l  area we obta in  the fo l l ow ing  
rates: 

A- No. o f  Equivalent Mapnitude 4 
-6v ea r s 

P a c i f i c  West 12 
Rocky Mounta ins 2.0 

/ Central P la ins .14 
Eastern U. S. .74 

Another ca l cu la t i on  of the r e l a t i v e  s t r a i n  release i n  the fou r  
areas was made considering on ly  those por t ions of  each area i n  
which more than 0.25 equivalent magnitude four earthquakes 
occurred. 
consider ing only the shaded po r t i ons  o f  f i g u r e  2. 

The s t r a i n  release per u n i t  area was computed 
The r e s u l t s  are:  

Area No. o f  Equivalent Mamitude 4 
ear t ham k e d 1  000 km 2/66 ve ars 

P a c i f i c  West 
Rocky Mounta ins 
Central  P la ins 
Eastern U. S .  

13 -. 
2.6 
.38 
1.1 
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Using the f i r s t  set o f  data on the preceding page, the s r a i n  
release dur ing the past 66 years i n  the P a c i f i c  West has been 
approximately s i x  times greater than i n  the Rocky'Mounta n area, 
86 times greater than i n  the Centra l  P la ins and 16 times greater 
than i n  the Eastern United States. Using the second set o f  data 
on the preceding page, the s t r a i n  release i n  t h e  P a c i f i c  West has 
been, respect ively,  f j v e ,  34 and 12 times greater than the other 
areas. 

Ear t ham ke Freauencg 

The d i f f i c u l t i e s  encountered i n  any analys is  o f  the recurrence 
\ 

ra tes o f  damaging earthquakes a re  very great. 
repeatedly i n  the l i t e r a t u r e  tha t  the h i s t o r i c a l  record o f  
se i sm ic i t y  i n  the United States i s  inadequate t o  estimate recur- 
rence rates. I t  i s  believed, however, that the h i s t o r i c a l  record 
o f  se i sm ic i t y  i n  the United States does provide some guidel ines 
t o  the r e l a t i v e  se i sm ic i t y  o f  various areas o f  the country. 

I t  has been stated 

'One approach t o  the problem t o  determining the r e l a t i v e  
se i sm ic i t y  o f  various regions i s  t o  p l o t  earthquake mgni tude 
versus frequency o f  occurrence f o r  the areas considered. The 
magnitudes o f  earthqmkes a re  known f o r  shocks o f  mgni tude s i x  
and greater s ince about 1900 but f o r  small shocks the records 
a re  f a r  less complete. I n  contrast, M.M. i n t e n s i t i e s  have been 
assigned by t h e  Coast and Geodetic Survey and other invest igators  
t o  near ly  a l l  s i g n i f i c a n t  earthquakes known t o  have occurred 
w i t h i n  the United States. 
h i s t o r i c a l  earthquake record, maximum M.M. i n t e n s i t y  was p l o t t e d  

when the maximum i n t e n s i t y  i s  used i n  a study o f  earthquake 
frequency. The p r i n c i p a l  assumptions a re  that a l l  o f  the earth- 
quakes i n  the area considered occurred a t  a p p r o x i m t e l y . t h e  same 
foca l  depth and that the maximum i n t e n s i t y  f o r  each earthquake 
has been, i n  fac t ,  reported. Earthquakes i n  the Un i ted  States 
a re  near ly  a l l  o f  normal foca l  depth, although C a l i f o r n i a  and 
Nevada shocks a re  somewhat shallower (averaging about 10-15 km) 
than i n  the remainder o f  the country (about 30-60 km). I t  i s  

1 

I n  order , t o  m k e  use o f  the complete 

1 versus earthquake frequency. A number o f  assumptions are necessary 
. 

possible t o  se lect  geographic areas'for study such t h a t  the 
earthqpakes w i t h i n  each area a re  o f  approximately the same depth. 
The adequacy o f  earthquake repor t ing i s  a l s o  a s i g n i f i c a n t  variab 
and t h i s  po int  w i l l  be discussed i n  greater de ta i l .  

e 

I n  1860, a l l  s ta tes i n  the western p o r t i o n  o f  the country, 
w i th  the exception o f  Ca l i f o rn ia ,  had an average populat ion 
density o f  less than one person per square mile. 
populat ion densi t ies greater t-han one per square m i le  by 1910 w i t h  
the exception o f  Nevada. 
densi ty i n  the western United States p r i o r  t o  1900 adversely a f f e c t s  
the completeness o f  i n t e n s i t y  data in  that area, p a r t i c u l a r l y  f o r  

A l l  s ta tes had 

I t  i s  clear that the l o w  populat ion 

i n t e n s i t i e s  l ess  than V I  or VII.  L 
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Ressonably complete records o f  g rea t  earthquakes w i l l  
obv ious l y -be  a v a i l a b l e  f o r  a . longer span o f  years than f o r  
earthquakes o f  s m l l  or  moderate maximum i n t e n s i t y .  
ingly, the  i n t e n s i t y  data were examined and an est imate was m d e  
o f  the  t o t a l  span,of  years f o r  which mximum i n t e n s i t y  data a t  
each l e v e l  o f  the  i n t e n s i t y  sca le  a r e  n e a r l y  complete. 
i l l u s t r a t e  t h e  technique fu r the r ,  F i g u r e  3 shows the  number o f  
mximum i n t e n s i t y  V I  earthquakes repo r ted  f o r  a north-south 
t r e n d i n g  zone o f  se i sm ic i t y  through western Montana, eastern 
Idaho, c e n t r a l  Utah and Ar izona ( reg ion  4 o f  F igure  5). The 
data seem r e l a t i v e l y  complete f rom 1900 t o  present. 
t he  frequency o f  i n t e n s i t y  V I  earthquakes i n  t h i s  p a r t i c u l a r  
zone, t h e  number of i n t e n s i t y  V I  shocks was simply d i v ided  by t h e  
t ime span, 1900-1967, or 68 years. S i m i l a r l y ,  f o r  a l l  areas 
considered, t he  average number o f  earthquakes a t  each i n t e n s i t y  
l e v e l  was determined and p l o t t e d  aga ins t  i n t e n s i t y .  

Accord- 

To 

To ob ta in  

The recurrence r e l a t i o n s h i p  f o r  a l l  i n t e n s i t y  data i n  the  
Un i ted  Sta tes  i s  shown i n  F igure  4. I t  was assumed, i n  p l o t t i n g  
the  data, that a re la t ionshup o f  t h e  form l o g  N (per year,) 
e x i s t s ,  where N i s  the  number o f  earthquakes o f  i n t e n s i t y  1. 
Two conclus ions can be drawn f o r  t h i s  p l o t :  1. maximum i n -  
t e n s i t i e s  o f  V and b e l o w ' i n  general  have no t  been completely 
repor ted  f o r  Uni ted Sta tes  earthquakes and 2. the  occurrence 
of great  earthquakes (M.M. i n t e n s i t y  X I  and X I  I )  \ i ' s  e r r a t i c  
over the  t ime span considered. The recurrence curve f o r  a l l  

o f  d i f f e r e n t  geolog ic  s t r u c t u r e  and t e c t o n i c  a c t i v i t y .  
ing ly , ' the  country  was d i v ided  i n t o  n i n e  areas (F igure 5) i n  
an at tempt  t o  ob ta in  recurrence curves f o r  areas that seem t o  
be r e l a t e d  t o  more o r  l ess  d e f i n i t e  t rends  o r  reg ions o f  seismic 
a c t i v i t y  and a r e  somewhat g e o l o g i c a l l y  s i m i l a r  throughout. 

=a+ b I 

Un i ted  Sta tes  earthquakes obv ious ly  combines data from areas ' \  
Accord- 

F igure  6 shows the  recurrence i n t e n s i t i e s  f o r  C a l i f o r n i a ,  
based on approximately 16,000 earthquakes. 
squares l i n e ,  l o g  N =a+b I , i s  0.54 and corresponds t o  a va lue  
o f  b of 0.83 i n  the equat ion l o g  N =  a& M where M i s  the 
m g n i t u d e  and the conversion M = 1 +2/3 I i s  used. t 

equa i ion  l o g  N = a+b (841,  Gutenberg and R ich te r  ( 5 )  obta ined 
a va lue of  0.88 f o r  Southern C a l i f o r n i a  and A l len ,  e t  ak. (3) 
obta ined a va lue  o f  0.86. Both  o f  these slopes a r e  i n  c lose  
agreement w i t h  the  value ob ta ined from the  data i n  F igu re  6. 
The curve fo r  Nevada shows a s i m i l a r  slope. 

- j  Area 8 (F igure 5) includes t h e  southeast Missour i  area 
where grea t  earthquakes occurred during 1811-12 together wi th  
the  S t .  Lawrence Val ley region. 
i s  shown i n  F igure  7. 
i n t e n s i t y  = X l I j  were not used i n  computing the  l e a s t  squares l i n e .  
There i s  considerable quest ion a s  t o  t h e  v a l i d i t y  o f  cons ider ing  
these two a c t i v e  seismic reg ions as one area f o r  s t a t i s t i c a l  purposes. 

The s lope o f  the  least 

For the  

. 
, 

The recurrence r e l a t i o n s h i p  
The 1811-12 New Madr id  earthquakes (mximum 

1 
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Recurrence curves were constructed fo r  the regions separately, 
but there were only  s l i g h t  d i f ferences i n  the slopes o f  the 
1 ines. 

! 
A summary o f  recurrence re la t ionships are shown i n  Table 1. 

The areas are arranged i n  order o f  decreasing V I 1  M.M. a c t i v i t y .  
The seismic r i s k  zones associated approximately w i t h  the areas 
used i n  the  frequency studies a r e  a l so  indicated. Table 11 
shows the frequency o f  occurrence,of earthquakes o f  var ious 
maximum in tens i t y  l eve l s  per 100 years per 100,000 km2 The 
frequencies i n  Table 1 have been div ided by the area OF each 
region. 
v a l i d i t y ,  these tables a r e  measures o f  the r e l a t i v e  se i sm ic i t y  

: o f  each area and could be used on a broad scale f o r  planning 
purposes. 

, .  and reservations. The numbers i n  parentheses a re  recurrence 
rates based on the .least squares l i n e s  only, t h a t  is, earthquakes 
w i t h  the indicated maximum i n t e n s i t y  a re  not known t o  have occurred 
i n  t h a t  pa r t i cu la r  area. 
above resu l t s  depend upon the assumption that  a re la t i onsh ip  o f  
the type l o g  N = a+b I i s  V a l  i d  f o r  these data and that the  
decisions mde  regarding the completeness o f  the data sample 

' .  
f .  

Assuming tha t  the recurrence re la t i onsh ip  has some 

The r e s u l t s  shown must be used w i th  many q u a l i f i c a t i o n s  

I t  should be stated again that t h e .  

! 

I 
1 I were reasonably correct .  
I 

Seismic Risk N ~ Q  

A Seismic P r o b a b i l i t y  Map o f  the United States was prepared 
i n  1948 by F. P. U l r ich w i t h  the advice o f  seismologists through- 
out the United States (6) and was issued by the Coast and Geodetic 
Survey i n  1948. I n  1949, the Seismic P robab i l i t y  Map was revised 
such that  the Charleston, South Carol ina area was changed from 
Zone 3 t o  Zone 2 and a Zone 3 w s  set up fo r  the  Puget Sound 
r e  ion o f  Washington which had formerly been included i n  Zone 2 
(77. Th e revised map ws adopted by the P a c i f i c  Coast B u i l d i n g  
O f f i c i a l s  Conference f o r  inc lus ion i n  the 1952 e d i t i o n  o f  the 

B u i l d i n g  Code have included t h i s  m p  wi th  no changes (8 ) .  

1 

I Uniform Bu i l d ing  Code. Subsequent ed i t ions o f  the Uniform 

The map ws withdrawn by the, Coast and Geodetic Survey i n  
1952 as "subject t o  m is in te rp re ta t i on  and too general t o  s a t i s f y  
the requirements o f  many users.'' 

destruct ive and near dest ruct ive earthquakes throughout the 
United States, but the Coast and Geodetic Survey has of fered'  

The annual pub l i ca t i on  U n i t 4  
has included a map showing locat ions o f  i 

i I no other p r o b a b i l i t y  map. 
I 

The Seismic P robab i l i t y  Map has been most useful as part 
o f  the c r i t e r i a  i n  the establishment o f  l a t e r a l  force requirements 
f o r  bu i ld ings but i t  does, however, have several obvious l im i ta t i ons .  

-6- 
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As pointed out by Richter (91, the c i r c u l a r  spot numbered 3 i n  
Montana corresponds t o  damaging earthquakes i n  1935, but the map 
ignores other earthquakes and known a c t i v e  s t ructures i n  the same 
geological province. Along many zone boundaries, Zone 3 borders 
Zone 1 and Zone 2 borders Zone 0. 
considered possible i n  Zone 3, the normal d i s t r i b u t i o n  o f  in-  
t e n s i t i e s  would suggest that an area o f  Zone 2 should surround it, 
t h e  same reasoning being t rue  f o r  the per ipher ies o f  Zone 2 
areas. 
through 3 only i n  terms o f  "no damage, minor damage, moderate 
damage and major damage" respectively. 
corre la te the zones w i t h  in tens i ty .  

! 

i I f  a major earthquake i s  

i 
i, / 

The o r i g i n a l  Seismic P robab i l i t y  Map describes Zones 0 

No attempt w s  made t o  1 
I 

'1 The map presented i n  Figure 8,which w i l l  be termed a 
"Seismic Risk Map," i s  meant t o  be an i n te r im  rev i s ion  o f  the 
o r i g i n a l  Coast and Geodetic Survey Seismic P r o b a b i l i t y  Map. 
The map i n  Figure 8 i s  a c t u a l l y  more than a r e v i s i o n  o f  the 

m p  a r e  somewhat d i f f e r e n t  f r o m  those considered i n  the o r i g i n a l  
n=Q 

factors: \ 

1 -  , --.- o l d  map i n  tha t  the fac to rs  used i n  const ruct ing the new r i s k  

t; 

-43 
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i The Seismic Risk Map presented here i s  based on the fo l l ow ing  -v> 

1 

i 8  1. the  d i s t r i b u t i o n  o f  M.M. i n t e n s i t i e s  associated 
, 

2. 

3. 

wi th  the kr;lown seismic h i s t o r y  o f  the United States, 
I 

s t r a i n  release i n  the United States since 1900, and 

large scale geologic features bel ieved t o  be 
re la ted  t o  recent seismic a c t i v i t y .  

..I L 

the associat ion o f  s t r a i n  release patterns w i t h  
\ 

:: 

/ 
I 

Where seismic a c t i v i t y  has occurred i n t e r m i t t e n t l y  along a 
recognizable geologic trend, i t  has been, i n  general, assumed 
tha t  seismic a c t i v i t y  could occur w i t h  equal l i k e l i h o o d  anywhere 
along that t rend or  structure.  ' 
between se i sm ic i t y  and geologic s t ruc tu re  a r e  not clear or where 
only l i m i t e d  geologic information i s  avai lab le,  the r i s k  zones 
a r e  based on the d i s t r i b u t i o n  o f  M.M. i n t e n s i t i e s  and s t r a i n  
release. I n  a l l  cases, the s i ze  and shape o f  the zones have been 
heavi ly unfluenced by the h i s t o r i c a l  d i s t r i b u t i o n  o f  i n t e n s i t i e s  
(Figure 1). I t  i s  rea l i zed  tha t  i t  would be desirable t o  r e l a t e  
r i s k  t o  a measurable quant i ty  less subject ive than M.M. in tens i ty ,  
but the  ava i l ab le  strong, motion and other data appear t o  be in- 
su f f i c i en t  t o  attempt t h i s  a t  present. 
a re  presented f o r  types of s u r f i c i a l  geology and s o i l s  that 
may increase o r  decrease the i n t e n s i t y  of shaking. 
remarked, however, that the M.M. i n t e n s i t i e s  reported f o r  an 
earthquake a re  usual ly  the maximum e f f e c t s  observed on the 
worst ground. 

I n  areas where the re la t i ons  

No special  correct ions 

I t  should be 

: *  - >  
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Tne r i s k  zones i n  the northeast po r t i on  o f  the United States 
a r e  not g rea t l y  changed from the o r i g i n a l  r i s k  map. 
Lawrence Valley continues t o  be Zone 3 because o f  the great 
earthquakes i n  1663 and 1925 and lesser shocks near A t t i c a ,  N. Y. 
i n  1929 and near kssena,  N. Y. i n  1944. 
area was zoned 3 i n  consequence o f  the  earthquake east o f  Cape Ann 
i n  1755 and many other lesser earthquakes i n  the area. The Zone 
3 r a t i n g  i n  the Charleston, South Carol ina area i s  a consequence 
o f  the 1886 earthquake. Zone 2 has been extended t o  include the 
m i n  s t ructures o f  the Appalachian area from Pennsylvania t o  
Alabam which a re  associated w i t h  numerous moderate earthquakes. 
Zone 3 and Zone 2 i n  the Miss iss ipp i  Valley have been very much 
enlarged over those zones on the o l d  Seismic P r o b a b i l i t y  Map. 
The new zone more near ly r e f l e c t s  the  p,robable d i s t r i b u t i o n  o f  

Madrid, Missouri. Zone 2 has been extended northeast across 
a zone o f  r e l a t i v e l y  minor se i sm ic i t y  i n  Indiana t o  southwestern 
Ohio. Although earthquakes w i th  mximum M.M. i n t e n s i t i e s  o f  
V11 a re  known i n  western Ohio (101, connection of  Zone 2 i n  
Ohio w i t h  the Zone 2 surrounding the New Madrid, Missouri 
area i s  a matter o f  in terpretat ion.  This zone i s  based on 
the apparent alignment o f  epicenters f rom the S t .  Lawrence 
Valley t o  southeast Missouri.  
evidence a t  present f o r  the alignment, and other i n te rp re ta t i ons  
a r e  possible (10). 

The S t .  

The Boston, Massachusetts 

i n t e n s i t i e s  i n  any r e p e t i t i o n  o f  the 1811-12 ser ies near New 
\ 

There i s  no conclusive geologic 

A Zone 2 area has been drawn along the Nemaha Ridge s t ruc tu re  
i n  Nebraska, Kansas and Oklahoma which includes the 1952 earth- 
quake near E l  Reno, Oklahoma and numerous other shocks along the 
Nemaha Ridge. ,The nor th-centra l  p la ins s tates have been, f o r  
the most part, rated i n  Zone 1 because o f  the lack of data r e l a t i n g  
se ismic i ty  w i t h  geologic s t ruc tu re  and because o f  the rather 
widespread and e r r a t i c ,  d i s t r i b u t i o n  o f  moderate earthquake a c t i v i t y .  
N o r t h  Dakota i s  a good example. 
t o  have occurred i n  the s t a t e  u n t i l  Ju l y  8 
4.4 earthquake shook the B i s m r c k  a r e a ' ( l 2 j .  
r e s t r i c t e d  t o  southeastern Montana on the o l d  map has been extended 
southward through, Idaho and Utah. The ' l a rge  earthquake near Hebgen 
Lake, Montana i n  1959, the Kosmo, Utah shock o f  1934, the ser ies o f  
shocks i n  1920 and 1921 near Els inore,  i n -  southern Utah and the  
re la ted  north-south t rending f a u l t s  amply j u s t i f y  t h e  zoning. 

No earthquakes (11) are known 
1968 when a magnitude 

The Zone 3 area 

Only minor changes have been made,from the o r i g i n a l  map i n :  
The ,o r ig ina l  Zone 1 r a t i n g  i n  
Other minor change-s have 

the states bordering the Paci f ic .  
Oregon has been s l i g h t l y  changed. 
been made i n  the shape of the Zone 3 atea i n  Washington a t  the 
south end of Zone 2 i n  the G r e a t  Valley o f  Ca l i f o rn ia .  

-8- 
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Discussion and Summary 

1 

The Seismic Risk Map presented i s  of fered as a reviGion 
of  the Seismic P r o b a b i l i t y  Map o r i g i n a l l y  prepared by the Coast 
and Geodetic Survey i n  1947. The new map i s  only an i n te r im  one 
and does not represent the f i n a l  f o r m  o f  a r i s k  m p  f o r  the 
United States. I t  does not consider the frequency o f  occurrence 
o f  the  seismic events i n  each zone. An e s t i m t e  o f  the r e l a t i v e  
rates o f  occurrence o f  earthquakes o f  various maximum M.M. 
i n tens i t y  i n  d i f f e r e n t  zones has been made i n  t h i s  paper 
using s t r a i n  release and earthquake recurrence data. 

I t  i s  suggested that eventual ly i t  may be possible t o  
e s t i m t e  seismic r i s k  i n  the United States using three separate 
maps: 
s t ructure thought t o  be r e l a t e d  t o  seismic a c t i v i t y ,  w i t h  ass ign - ,  
ment o f  r e l a t i v e  r i s k  t o  each o f  the structures;  a second map 
would e s t i m t e  t h e  frequency o f  occurrence o f  earthquakes o f  
various mgnitudes or maximum in tens i t i es  throughout the United 
States; and a t h i r d  m p  would show the d i s t r i b u t i o n  of maximum 
M.M. i n tens i t y  i n  the  United States such as i s  shown i n  Figure 1 
o f  t h i s  paper. I f  proper c o e f f i c i e n t s  are assigned t o  each area 
or feature o f  each o f  the three mps, it would be possible t o  
obta in  both the long term ( r i s k  over a very long time) and short  
t e r m  ( r i s k  over 25-50 years) r i s k s  i n  the fo l l ow ing  manner: 
The short t e r m  r i s k  a t  a p a r t i c u l a r  s i t e  could be obtained by 
a weighted consideration o f  c o e f f i c i e n t s  f r o m  maps 1, 2 and 3. 
Long te rm r i s k  could be obtained f r o m  a s im i la r  i n teg ra t i on  
o f  data from maps 1 and 3. Much addi t ional  work r e m i n s  t o  
be done, p a r t i c u l a r l y  w i t h  regard t o  the re la t i onsh ip  between 
geologic s t ruc tu re  and earthquake occurrence. I t  i s  hoped that 
the  data and maps presented w i l l  be useful i n  developing fu tu re  
seismic r i s k  maps for the  United States. 

one map would be geological i n  nature, showing a l l  geological 

('. 
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TABLE 1 

SUMMARY OF EARTHQUAKE RECURRENCE FORMULAS 

LOG N = a +  b 1 
.RISK ZONE (per  year) 

EARTHQUAKES PER 100 YEARS 

a b V v1 V l  1 v1 1 1 

1. 2. 

1. 

2. 

4. 

8. 

.3. 

9. 

5. 

7. 

6. 

Ca l i fo rn ia ,  
Nevada 

C a l i f o r n i a  

Nevada 

Montana, Idaho 
Utah, A r i z o n a  

M iss i ss ipp i  
Valley, S t .  Law-  
rence Val ley 

Puget Sound, 
Wash i ngton 

East Coast 

Wyoming, Colorado, 
New Mexico 

Nebraska, Kansas, 
Oklahoma 

Oklahoma, North 
Texas 

1 

I 

4.11 

3.92 

3.98 

3.41 

2.71 

3.45 

3.02 

3.66 

1.99 

2.10 

-0.55 

-0.54 

4.56 

-9.56 

4.50 

-0.62 

-0.58 

-0.68 

4 . 4 9  

-0.55 

2290 

1660 

1510 

407 

162 

224 

132 

182' 

34.7 

22.4 

64 6 

479 

41 7 

112 

51.3 

53.7 

34.7 

38.0 

11.2 

6.3 

182 

138 

115 

30.9 

16.2 

12.9 

9.1 

7.9 

3.6 

1.8 

51.3 

39.8 

31.6 

8.5 

5.1 

3.1 

2.4 

1.7 

J . 2  

(3 .5)  
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2 
SUMMARY OF EARTHQUAKE RECURRENCE FORMULAS 

EARTHQUAKES PER 100 YEARS PER 100,000 KM. 
RISK ZONE 

V V l  V l  1 v111 

1. 2. Cal i forn ia ,  372 300 84.6. 23.8 6.72 

Nevada 

64.4 17.7 4.89 1.35 

68.0 16.3 3.92 0.94 

4. Montana, Idaho, 392 

3. Puget Sound, 3 72 

Utah, Arizona 

Washington 
7.65 2.42 0.76- 8. Miss iss ipp i  3,291 24.2 

Valley, S t .  L a w -  
rence Valley 

7. Nebraska, Kansas, 291 13.0 4.20 
Ok lahorm 

32.8 6.85 1.42 0.31 

13.3 3.73 1.07 0.30 

5. Wyoming, Colorado, 3,231 
New Mexico 

6. Oklahom, North 
Texas 

1.35 0.45 

9. East Coast 12.8 3.39 0.88 0.23 
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F i g u r e  1 Maximum Modified Meroa l l i  in tens i t ies  throughout  t h e  United 
States  - a l l  h i s t o r i c a l  data through 1965 



= 156.1024 

16-64 
- -64.156 

r" * 

F igu re  2 S t r a i n  re lease i n  the  Uni ted States,  1900 t o  1965, expressed as the  
equ iva len t  number o f  magnitude four  earthquakes 

.-. \ 
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Figure 4 Frequency o f  earthquake occurrence 
(per year) vs. maximum M.M. i n t e n s i t y  - 

h ' a l l  U. S .  data 1534-1965 



Figure 5 Location map showing the areas f6r which recurrence formulas were 
computed 
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Figure  6 Frequency o f  earthquake occurrence 
(per year)  vs. haximum M.M. i n t e n s i t y  - 
area 1, C a l i f o r n i a  
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Figure  7 Frequency of earthquake occurrence 
(per year) vs. maximum M.M. i n t e n s i t y  - 
area 8, Southeast Missour i  t o  t he  
S t .  Lawrence Va l ley  
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